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[ FHOOVZHOO 3 DHUXJLQRVD 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PDFURSKDJHV DW D PXOWLSOLFLW\ RI LQIHFWLRQ 02, RI 
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VDPHWLPHEDVDO OHYHOVRI,/H[SUHVVLRQDQGVHFUHWLRQZHUH
QRW VLJQLILFDQWO\ GLIIHUHQW EHWZHHQ &) DQG QRQ&)
PDFURSKDJHV )LJXUHV % DQG 6% <HW DFFRUGLQJ WR WKH
)(9  SUHGLFWHG YDOXHV WKH PDMRULW\ RI SDWLHQWV KDG PLOG
GLVHDVH )(9 Q  0RUHRYHU FRQVLGHULQJ WKH )(9
YDOXHV &) SDWLHQWV ZLWK PRUH VHYHUH GLVHDVH )(9
Q VKRZHGKLJKHUEXWQRVLJQLILFDQWLQFUHDVHRI,/VHFUHWLRQ
 SJPO FHOOV S  YV QRQ&) WKDQ PLOG
GLVHDVH JURXS  SJPO FHOOV S  YV QRQ
&) %\ WKLV ZD\ ZKDWHYHU WKH )(9 ,/ȕ ,/ ,/ DQG
71)Į VHFUHWLRQ UHPDLQV VLJQLILFDQWO\ RYHUSURGXFHG 7DNHQ




WKDW DFWLYDWH SURGXFWLRQ RI SURLQIODPPDWRU\ F\WRNLQHV ,Q WKLV




GLIIHUHQFH ZDV REVHUYHG EHWZHHQ QRQ&) DQG &)
PDFURSKDJHV$OWKRXJKDVOLJKWGHFUHDVHRI7/5H[SUHVVLQJ
FHOOVZDVREVHUYHGLQ&'SRVLWLYH&)PDFURSKDJHV
YV  LQ FRQWURO FHOOV WKLV GLIIHUHQFH ZDV QR VLJQLILFDQW
+RZHYHU D VKDUS VLJQLILFDQW LQFUHDVH RI V&' VHFUHWLRQ E\
&) PDFURSKDJHV ZDV REVHUYHG )LJXUH & 0RUHRYHU
P&'FHOOEDVHG(/,6$)LJXUH%ULJKWSDQHODOORZHGXVWR
GHWHUPLQH D V&'P&' UDWLR WKDW ZDV  WLPHV PRUH
LPSRUWDQW LQ &)  WKDQ LQ QRQ&)  PDFURSKDJHV
$OWHUDWLRQRI+XPDQ&)0DFURSKDJH)XQFWLRQV
3/2621(_ZZZSORVRQHRUJ  6HSWHPEHU_9ROXPH_,VVXH_H




7R IXOILOO WKHLU IXQFWLRQ HIIHFWLYHO\ DV SRVVLEOH PDFURSKDJHV
H[SUHVV RQ WKHLU PHPEUDQH PDQ\ UHFHSWRUV DOORZLQJ
SDWKRJHQVUHFRJQLWLRQ$VWKHLUGHIHFWFRXOGDIIHFWPDFURSKDJH
LQQDWH GHIHQVH IXQFWLRQV ZH KDYH VWXGLHG LQ GHSWK PDLQ
FKDUDFWHULVWLFUHFHSWRUVLQYROYHGLQEDFWHULDGHWHFWLRQVXFKDV
&'E FRPSOHPHQW&EDUH UHFRJQL]HGE\&5DQRSVRQLF
DQG QRQRSVRQLF SKDJRF\WLF UHFHSWRU &' DQG &'
LPPXQRJOREXOLQ UHFHSWRUV )FJDPPD5, DQG ,,, UHVSHFWLYHO\
WKDW UHFRJQL]HG ,J* RSVRQLQV 7/5 IODJHOOLQ UHFHSWRU
7/5 DQG 7/5 SDWKRJHQDVVRFLDWHG PROHFXODU SDWWHUQV
3$03VUHFHSWRU
)ORZ F\WRPHWU\ DQDO\VLV LQ &'SRVLWLYH FHOOV VKRZHG D
VWURQJ VLJQLILFDQW GHFUHDVH RI &'E H[SUHVVLRQ )LJXUH $
EXWQRVLJQLILFDQWGHFUHDVHRI&'&'7/5DQG7/5
H[SUHVVLRQV )LJXUH &'() VXJJHVWLQJ D ORVV RI SDWKRJHQ
UHFRJQLWLRQ E\ &) PDFURSKDJHV LQYROYLQJ PRUH VSHFLILFDOO\
&'E 0RUHRYHU PHPEUDQH 7/5 )LJXUH % ZDV QRW




&) SDWLHQWV ZH DQDO\]HG WKH H[SUHVVLRQ RI 7/5 LQ




H[SUHVVLRQ DIWHU DJRQLVW H[SRVXUH )LJXUH 6 OHIW SDQHO
VXJJHVWLQJ WKDW7/5GHFUHDVHREVHUYHG LQ&)SDWLHQWVZDV
VSHFLILF RI WKLV GLVHDVH 0RUHRYHU LQ DOO FDVHV DJRQLVW
H[SRVXUH OHG WR LQFUHDVH RI ,/ȕ DQG 71)Į VHFUHWLRQ E\
PDFURSKDJHV VKRZLQJ WKDW RXU PDFURSKDJHV H[SUHVV
IXQFWLRQDO7/5V)LJXUH6ULJKWSDQHO
'HFUHDVHGSKDJRF\WRVLVFDSDFLW\LQ&)PDFURSKDJHV
$IWHU GHPRQVWUDWLQJ WKDW UHFHSWRUV LQYROYHG LQ SDWKRJHQV
UHFRJQLWLRQDUHDOWHUHGLQ&)PDFURSKDJHVZHZRQGHUHGLIWKH
SKDJRF\WLFFDSDFLW\RIPDFURSKDJHV LVDOVRGLVWRUW LQ&):H
WKXV HYDOXDWHG WKLV IXQFWLRQ E\ WZR PHWKRGV XVLQJ WZR JUDP
QHJDWLYHSDWKRJHQVEDFWHULD
,Q WKH RQH KDQG ZH GHWHUPLQHG SKDJRF\WRVLV FDSDFLW\ RI
SULPDU\ KXPDQ PDFURSKDJHV IURP KHDOWK\ VXEMHFWV DQG &)
SDWLHQWV WRZDUGV KHDWLQDFWLYDWHG ( FROL OLQNHG WR IOXRUHVFHLQ
,QWKDWFRQWH[W&)PDFURSKDJHVSUHVHQWDVLJQLILFDQWGHIHFWRI
SKDJRF\WRVLV IXQFWLRQ YV QRQ&) PDFURSKDJHV  RI
GHFUHDVH )LJXUH $ 7UHDWPHQW ZLWK F\WRFKDODVLQ ' ZDV
XVHGDVDSRVLWLYHFRQWUROIRUHDFKH[SHULPHQW)LJXUH6
,Q WKH VHFRQG KDQG ZH VWXGLHG WKH SKDJRF\WRVLV RI WKH
RSSRUWXQLVWLF JUDPQHJDWLYH IODJHOOHG EDFWHULD 3 DHUXJLQRVD
FKURQLFDOO\ LQIHFWLQJ OXQJ IURP &) SDWLHQWV >@ DQG PRUH
HVSHFLDOO\ DGXOWV >@ $ VLJQLILFDQWO\ VKDUS GHFUHDVH RI &)8





,Q RUGHU WR HOXFLGDWH WKH UHODWLRQ EHWZHHQ RXU SUHYLRXV







LPSDFW RQ PDFURSKDJH IXQFWLRQV ,Q WKLV ZD\ LQ QRQ&)
PDFURSKDJHV ZH LQKLELWHG &)75 IXQFWLRQ ZLWK &)75LQK DW
WKH DSSURSULDWH FRQFHQWUDWLRQ SUHYLRXVO\ VKRZQ DV VSHFLILF
DJDLQVW&)75FKORUHHIIOX[0>@DQGFRPSDUHGLI
PRGLILFDWLRQV RI PDFURSKDJH FKDUDFWHULVWLFV RFFXU
,QWHUHVWLQJO\ &)75 LQKLELWLRQ WKDW GLG QRW DIIHFW YLDELOLW\ RI
PDFURSKDJHV )LJXUH 6$ OHG WR D VLJQLILFDQW GHFUHDVH RI
&'EH[SUHVVLRQ)LJXUH%DVZHOODVUHODWHGSKDJRF\WRVLV
)LJXUH &' EXW GLG QRW LQIOXHQFH 7/5 P&' &'
&' 7/5 DQG 7/5 H[SUHVVLRQV DV ZHOO DV V&'
VHFUHWLRQ )LJXUHV  DQG  V&'P&' UDWLR ZDV DOVR
XQFKDQJHGDIWHU&)75LQKLELWLRQUDWLRZDVDQGIRU
FRQWURO DQG &)75LQK  0 UHVSHFWLYHO\ (OVHZKHUH ,/ȕ
SURGXFWLRQZDVQRWLQIOXHQFHGE\&)75LQKLELWLRQ)LJXUH6%
7KH DOWHUDWLRQV RI PDFURSKDJH IXQFWLRQV REVHUYHG LQ RXU




&KURQLF OXQJ LQIODPPDWLRQ ZKLFK LV FOHDUO\ DVVRFLDWHG ZLWK
LQIHFWLRQ UHSUHVHQWV WKH PDLQ FDXVH RI PRUELGLW\PRUWDOLW\ LQ
&)SDWLHQWV>@7RGD\ LQDELOLW\WRHIILFLHQWO\UHVROYHEDFWHULDO
LQIODPPDWLRQLQIHFWLRQV LQ &) KDV EHHQ LPSXWHG WR GHIHFW LQ
GHIHQVH PHFKDQLVPV PHGLDWHG E\ HSLWKHOLDO FHOOV DQG
QHXWURSKLOV >±@ 0DFURSKDJHV PD\ KRZHYHU SOD\ D
VLJQLILFDQW UROH LQ WKH LQLWLDWLQJ VWDJHV RI WKLV GLVHDVH YLD DQ
LQDELOLW\ WR DFW DV D SDWKRJHQ VXSSUHVVRU FHOO 2XU VWXG\ ZDV
SHUIRUPHGZLWKSULPDU\KXPDQPDFURSKDJHVREWDLQHGE\*0
&6)PHGLDWHG GLIIHUHQWLDWLRQ RI EORRG PRQRF\WHV DOORZLQJ D
VLPLODUDOYHRODUPDFURSKDJHVSKHQRW\SH >@ ,Q WKLVZRUN
ZH FRQVLGHUHG &) YV QRQ&) PDFURSKDJHV LQ RUGHU WR
GHWHUPLQH GLIIHUHQFHV LQ WKHLU IXQFWLRQV UHODWHG WR FKURQLF
LQIODPPDWLRQLQIHFWLRQ DQG WKH LPSDFW RI &)75
SKDUPDFRORJLFDO LQKLELWLRQ 8VLQJ QRQRSVRQLF FRQGLWLRQV WKXV
PLPLFNLQJ UHVWLQJ DQG QDwYH FRQGLWLRQV LQ WKH DOYHRODU VSDFH
ZHVKRZHGDQDOWHUDWLRQRI&)PDFURSKDJHIXQFWLRQV
0DFURSKDJHV FRRUGLQDWH LQIODPPDWRU\ UHVSRQVHV E\
VHFUHWLQJ LQIODPPDWRU\PHGLDWRUV LQFOXGLQJ71)Į ,/ȕ ,/
,)1Ȗ ,/ DQG ,/ 7KHVH LQIODPPDWRU\ PHGLDWRUV KDYH
GLYHUVH SK\VLRORJLFDO HIIHFWV SRWHQWLDOO\ LPSRUWDQW WR WKH
SDWKRJHQHVLV RI OXQJ H[DFHUEDWLRQV LQ &) LQFOXGLQJ WKH
JHQHUDWLRQ RI IHYHU WKH UHFUXLWPHQW RI LQIODPPDWRU\ HIIHFWRU
FHOOV DQG WKH VKDSLQJ RI 7 FHOO UHVSRQVHV UHVXOWLQJ LQ FKURQLF
LQIHFWLRQLQIODPPDWLRQ >±@ ,QFUHDVHG OHYHO RI WKHVH






VHYHQ DQG HLJKWHHQ LQGHSHQGHQW H[SHULPHQWV UHVSHFWLYHO\ IRU QRQ&) DQG &) PDFURSKDJHV SDWLHQWV      
DQGWDEOH6%,/GDWDDUHVKRZQDVPHDQ6(0RIVL[DQGQLQHWHHQLQGHSHQGHQWH[SHULPHQWVUHVSHFWLYHO\
IRUQRQ&)DQG&)PDFURSKDJHVSDWLHQWVDQGWDEOH6&WR)71)Į,)1Ȗ,/DQG





)LJXUH   V&' DUH KLJKO\ VHFUHWHG E\ &) PDFURSKDJHV ZKHUHDV PHPEUDQH H[SUHVVLRQ RI 7/5઺ DQG P&' DUH
XQFKDQJHG  $/HIWSDQHOVFDWWHUSORWVKRZV7/5H[SUHVVLRQRQQRQ&)Q DQG&)Q SDWLHQWV7DEOH6
&'PDFURSKDJHVDQDO\]HGE\IORZF\WRPHWU\XVLQJDQDQWL7/5),7&DQGH[SUHVVHGDVPHDQIOXRUHVFHQFHLQWHQVLW\0),
DUELWUDU\XQLWRI IOXRUHVFHQFH LQWHQVLW\(DFKV\PERO UHSUHVHQWVDVLQJOH LQGLYLGXDODQG OLQH LV WKHPHDQ0),YDOXH5LJKWSDQHO
UHSUHVHQWDWLYHGHQVLW\SORWIRUQRQ&)DQG&)FHOOV%/HIWSDQHO6FDWWHUSORWVKRZVP&'H[SUHVVLRQRQQRQ&)Q DQG&)
Q SDWLHQWVDQG7DEOH6&'PDFURSKDJHVDQDO\]HGE\IORZF\WRPHWU\XVLQJDQDQWL&'),7&DQGH[SUHVVHG
DV 0), 5LJKW SDQHO VFDWWHU SORW VKRZV P&' H[SUHVVLRQ LQ QRQ&) Q  DQG &) Q  SDWLHQWV   DQG  7DEOH 6
PDFURSKDJHV DQDO\]HG E\ FHOOEDVHG (/,6$ (DFK V\PERO UHSUHVHQWV D VLQJOH LQGLYLGXDO DQG OLQH LV WKH PHDQ 0), YDOXH &
V&'OHYHOVVHFUHWHGE\QRQ&)DQG&)PDFURSKDJHVZHUHTXDQWLILHGE\(/,6$(DFKV\PEROUHSUHVHQWVDVLQJOHLQGLYLGXDODQG
OLQHLVWKHPHDQV&'FRQFHQWUDWLRQ6FDWWHUSORWVKRZVIRXUWHHQDQGWZHQW\IRXULQGHSHQGHQWH[SHULPHQWVUHVSHFWLYHO\IRUQRQ













6FDWWHU SORW VKRZV 7/5 H[SUHVVLRQ RQ QRQ&) Q   DQG &) Q   SDWLHQWV   DQG  7DEOH 6 &' PDFURSKDJHV
DQDO\]HGE\IORZF\WRPHWU\XVLQJDQDQWL7/53(5HVXOWVDUHH[SUHVVHGDVPHDQIOXRUHVFHQFH LQWHQVLW\0),DUELWUDU\XQLWRI





OHYHOV ZHUH LQFUHDVHG LQ KXPDQ &) SODVPD DQG VSXWXP DQG
DOVRUHODWHGWRWKHVHYHULW\RIWKHSDWKRORJ\>@+RZHYHULW
ZDVDOVRVKRZQVLPLODU,/SURGXFWLRQLQ&)SDWLHQWVZLWKPLOG
GLVHDVH )(9   FRPSDUHG WR KHDOWK\ FRQWURO ZKHUHDV
&) SDWLHQWV ZLWK PRUH VHYHUH GLVHDVH )(9   KDYH D
KLJKHU EDVDO ,/ VHFUHWLRQ >@ ,Q DJUHHPHQW ZLWK WKHVH
SUHYLRXVVWXGLHVZHKDYHVKRZQWKDWKXPDQ&)PDFURSKDJHV
RYHUSURGXFH ,/ȕ ZKHUHDV ,/ EDVDO OHYHO DQG P51$




FKDQJH RI P&' H[SUHVVLRQ ZDV VKRZQ EHWZHHQ &) DQG
QRQ&) PDFURSKDJHV 7KHVH GDWD DUH LQ DJUHHPHQW ZLWK
SUHYLRXVVWXGLHVVKRZLQJWKDWHOHYDWHGFRQFHQWUDWLRQRIV&'
ZDVIRXQGLQVHUXPRISDWLHQWVZLWKEDFWHULDOLQIHFWLRQV>@
DV ZHOO DV LQ RWKHU FKURQLF LQIODPPDWRU\ GLVHDVHV VXFK DV
OXSXV HU\WKHPDWRVXV >@ RU SQHXPRQLD >@ $OWKRXJK WKH
PHFKDQLVP RI V&' UHOHDVH IURP FHOOV LV QRW FRPSOHWHO\
XQGHUVWRRGWKHLQYROYHPHQWRIP&'HQGRF\WRVLV>@DQGRI
SURWHRO\WLF FOHDYDJH E\ HODVWDVH SUHVHQW DW ODUJH DPRXQWV LQ
&) DLUZD\V >@ KDYH EHHQ VXJJHVWHG 0RUHRYHU SUHYLRXV
VWXG\ VKRZHG WKDW V&' FRXOG EH FRQVLGHUHG DV DQ DFXWH
SKDVHSURWHLQ>@,QPXOWLSOHVFOHURVLVV&'ZDVVXJJHVWHG
WR EH DQ DQWDJRQLVW RI 7/5 VLJQDOLQJ DW ORZ FRQFHQWUDWLRQV
EXW FRXOG SURPRWH SURLQIODPPDWRU\ F\WRNLQHV UHOHDVH DW KLJK
FRQFHQWUDWLRQV >@ 7KHVH HQWLUH K\SRWKHVHV UHPDLQ WR EH
GHPRQVWUDWHGDQGDUHXQGHULQYHVWLJDWLRQ
%HFDXVH 7/5 DQG 7/57/5 DUH FULWLFDO LQ PHGLDWLQJ
*UDPSRVLWLYH DQG *UDPQHJDWLYHLQGXFHG FHOO VLJQDOLQJ
UHVSHFWLYHO\ ZH LQYHVWLJDWHG WKHLU H[SUHVVLRQ LQ QRQ&) DQG
&) PDFURSKDJHV 2XU SKHQRW\SLF VWXG\ RI KXPDQ SULPDU\
PDFURSKDJHV UHYHDOV WKDW H[SUHVVLRQV RI HDUO\ 3$03V
UHFHSWRUV 7/5 DQG 7/57/5 DUH QRW VLJQLILFDQWO\
FKDQJHG EHWZHHQ &) DQG QRQ&) PDFURSKDJHV VXJJHVWLQJ
WKDW WKHLU H[SUHVVLRQV LQ PDFURSKDJHV DUH QRW LQYROYHG LQ
LPSDLUHG GHIHQVH DJDLQVW SDWKRJHQV LQ &) 7KLV REVHUYDWLRQ
JLYHVQHZLQVLJKWVFRPSDUHGWRSUHYLRXVVWXGLHVVKRZLQJWKDW
7/5 H[SUHVVLRQ ZDV VLJQLILFDQWO\ UHGXFHG LQ &) EURQFKLDO
HSLWKHOLDO FHOO OLQH &)%(R FRQWULEXWLQJ WR FKURQLF EDFWHULDO
LQIHFWLRQRI&)DLUZD\V>@+RZHYHULWZDVDOVRGHPRQVWUDWHG
WKDW UHGXFWLRQ RI 7/5 DQG 7/5 H[SUHVVLRQV ZDV RQO\
REVHUYHG LQ &) EURQFKLDO HSLWKHOLXP EXW QRW LQ &) KXPDQ
LPPXQH FHOOV >@ LQ DJUHHPHQW ZLWK RXU UHVXOWV LQ &)
PDFURSKDJHV )XUWKHUPRUH LQ KHDOWK\ VXEMHFWV 7/5 LV
PDLQO\H[SUHVVHGE\PRQRF\WLFFHOOVZKHUHDVLQSDWLHQWVZLWK
&) WKH LQILOWUDWLQJ QHXWURSKLOV DUH WKH PDMRU VRXUFH RI 7/5
5HJDUGLQJ7/5LWVLQYROYHPHQWKDVEHHQVKRZQLQWKH
UHFRJQLWLRQRIIODJHOOHGEDFWHULDOLNH3DHUXJLQRVDDQGLWLVWKXV
FRQVLGHUHG DV D FULWLFDO IDFWRU IRU DOYHRODU PDFURSKDJH
SKDJRF\WRVLV >@ ,Q RXU VWXG\ &) PDFURSKDJHV GLG QRW
H[SUHVV 7/5઺ RQ WKHLU PHPEUDQH FRPSDUHG WR QRQ&)
PDFURSKDJHV VXJJHVWLQJ WKDW WKLV WROOOLNH UHFHSWRU LV RQH RI
)LJXUH   3KDJRF\WRVLV LV VKDUSO\ GHFUHDVHG LQ &) PDFURSKDJHV  $ 1RQ&) DQG &) PDFURSKDJHV ZHUH LQFXEDWHG ZLWK
KHDWLQDFWLYDWHG(FROLIOXRUHVFHLQIRUKRXUV02,6FDWWHUSORWVKRZV(FROLEDFWHULDOSKDJRF\WLFLQGH[H[SHULPHQWDO
UHDGLQJ PLQXV QHJDWLYHFRQWURO UHDGLQJ  SRVLWLYHFRQWURO UHDGLQJ PLQXV QHJDWLYHFRQWURO UHDGLQJ RI QRQ&) Q  DQG &)








)LJXUH   &'E H[SUHVVLRQ DQG SKDJRF\WRVLV DUH GHFUHDVHG LQ QRQ&) PDFURSKDJHV WUHDWHG E\ &)75LQK  $ &)75
H[SUHVVLRQ ZDV FKHFNHG E\ ZHVWHUQEORW RQ WRWDO PHPEUDQH IUDFWLRQ IURP QRQ&) PDFURSKDJHV WKUHH VHSDUDWH UHSUHVHQWDWLYH
H[SHULPHQWV QRQ&) QRQ&) DQG QRQ&) DQG +7 +XPDQ FRORQ DGHQRFDUFLQRPD JUDGH ,, FHOO OLQH DV UHIHUHQFH (TXDO
ORDGLQJZDVFRQWUROOHGIRUE\+6&GHWHFWLRQ%'1RQ&)PDFURSKDJHVZHUHWUHDWHGZLWK&)75LQK&0IRUK%
6FDWWHUSORWVKRZV&'EH[SUHVVLRQRQQRQ&)&'PDFURSKDJHVZLWK&Q RUZLWKRXWFRQWUROQ &)75LQKDQDO\]HG
E\ IORZ F\WRPHWU\ XVLQJ DQ DQWL&'E3( DQG H[SUHVVHG DV PHDQ IOXRUHVFHQFH LQWHQVLW\ 0), DUELWUDU\ XQLW RI IOXRUHVFHQFH
LQWHQVLW\(DFKV\PEROUHSUHVHQWVDVLQJOHLQGLYLGXDODQGOLQHLVWKHPHDQ0),YDOXH5LJKWSDQHOVKRZVUHSUHVHQWDWLYHGHQVLW\SORW
IRUQRQ&)FHOOV&1RQ&)PDFURSKDJHVZHUHLQFXEDWHGZLWKKHDWLQDFWLYDWHG(FROLIOXRUHVFHLQIRUKRXUV02,6FDWWHU
SORW VKRZV( FROL EDFWHULDO SKDJRF\WLF LQGH[  H[SHULPHQWDO UHDGLQJPLQXVQHJDWLYHFRQWURO UHDGLQJ  SRVLWLYHFRQWURO UHDGLQJ










WKH OLPLWLQJ IDFWRUV IRU 3 DHUXJLQRVD UHFRJQLWLRQ DQG
SKDJRF\WRVLVLQ&)
)XUWKHUPRUHZHREVHUYHGDQ LPSRUWDQWGHFUHDVHRI&'E
H[SUHVVLRQ DV ZHOO DV SKDJRF\WRVLV LQ &) PDFURSKDJHV
&'ERU&5DQKHWHURGLPHULQWHJULQFRPSRVHGRIĮDQGȕ
VXEXQLWV LV WKH PDMRU UHFHSWRU IRU RSVRQLF SKDJRF\WRVLV RI
PDQ\ EDFWHULD >@ 3UHYLRXV VWXGLHV KDYH DOVR VKRZQ
QRQRSVRQLF LQJHVWLRQ RI PLFURELDO SDWKRJHQV HJ




 SKDJRF\WRVLV LQ &) RFFXUV WKURXJK D QRQRSVRQLF PDQQHU
LQYROYLQJHVSHFLDOO\&'E%HVLGHH[SUHVVLRQRI)FUHFHSWRUV
&' DQG &' ZKLFK UHFRJQL]H WKH LPPXQRJOREXOLQ )F
GRPDLQFRQVWLWXWLQJDQRSVRQLQDUHXQFKDQJHGLQRXUPRGHORI
&) PDFURSKDJHV 7KHVH UHVXOWV XQGHUVFRUH WKH NH\ UROH RI
QRQRSVRQLF LQJHVWLRQ RI EDFWHULD LQ &) PDFURSKDJHV DQG
YDOLGDWH WKHSLYRWDO UROHRI&'E7RJHWKHUZLWK WKH IDFW WKDW
7/5 LVQRWH[SUHVVHGRQ&)PDFURSKDJHVDOO WKHVHUHVXOWV
DOORZ WRXQGHUVWDQGKRZ LQIHFWLRQVHWV LQ&)SDWLHQWVQRWDEO\
IRU3DHUXJLQRVDSDWKRJHQ
2XU UHVXOWV VKRZHG WKDW SKDJRF\WRVLV FDSDFLW\ LV DOWHUHG LQ
&)PDFURSKDJHV,QFRQWUDVWSUHYLRXVSXEOLVKHGGDWDH[SRVHG
)LJXUH   &)75LQK GRHV QRW LQIOXHQFH 7/5 P&' H[SUHVVLRQ DQG V&' OHYHOV LQ QRQ&) PDFURSKDJHV  1RQ&)
PDFURSKDJHVZHUHWUHDWHGZLWK&)75LQK&0IRUK$7/5H[SUHVVLRQRQQRQ&)&'PDFURSKDJHVZLWK&
Q RUZLWKRXWFRQWUROQ &)75LQKDQDO\]HGE\IORZF\WRPHWU\XVLQJDQDQWL7/5),7&DQGH[SUHVVHGDVPHDQIOXRUHVFHQFH













REVHUYHG LQ PLFH 'LIIHUHQFHV REVHUYHG ZLWK VWXG\ XVLQJ
KXPDQPRQRF\WHVGHULYHGPDFURSKDJHV>@PD\EHDWWULEXWHG
WR H[SHULPHQWDO SURFHGXUH IRU PRQRF\WHV VHOHFWLRQ DQG
GLIIHUHQWLDWLRQ OHDGLQJ WR GLIIHUHQW PDFURSKDJH SKHQRW\SH ,Q
IDFW WKH VHOHFWLRQ RI PRQRF\WHV ZDV UHDOL]HG ZLWK &'
SRVLWLYH VHOHFWLRQ DQG GLIIHUHQWLDWLRQ ZLWK 0&6) >@ 7KHVH
PDFURSKDJHV KDYH D PRUSKRORJ\ RI H[WHQGHG FHOOV DQG FHOO
VXUIDFH DQWLJHQ DUH QRW VLPLODUO\ H[SUHVVHG WKDW OHDG WR
GLIIHUHQFHVLQWKHLUIXQFWLRQZKHUHDVLQRXUPRGHOVHOHFWLRQRI
PRQRF\WHV E\ DGKHVLRQ IROORZHG E\ GLIIHUHQWLDWLRQ ZLWK *0
&6)OHDGWRDOYHRODUSKHQRW\SHPDFURSKDJHVPRVWO\ LQYROYHG
LQOXQJGHIHQVHDJDLQVWSDWKRJHQV>@












WR SURSHUO\ UHFRJQL]H SDWKRJHQV DQG WKDW WKHLU GHFUHDVHG
SKDJRF\WLF FDSDFLW\ OHDGV WR SHUVLVWHQW LQIHFWLRQ &KURQLF
LQIHFWLRQ LQGXFHV D FRQWLQXRXV VWLPXODWLRQ RI PDFURSKDJHV
FRQWULEXWLQJ WR XQUHPLWWLQJO\ SURLQIODPPDWRU\ F\WRNLQH
RYHUSURGXFWLRQ 7KLV FRQWLQXRXV F\WRNLQH VHFUHWLRQ WKHQ
VWURQJO\ GLVWXUEV PDFURSKDJH IXQFWLRQV $ YLFLRXV F\FOH
EHWZHHQLQIODPPDWLRQDQGLQIHFWLRQDSSHDUV2XUGDWDVKDUSO\
VXJJHVWWKDWFKDQJHVRIPDFURSKDJHIXQFWLRQVLQYROYHGLQWKH
LQIODPPDWLRQ UHVROXWLRQ FRXOG EH UHVSRQVLEOH IRU FKURQLF
LQIHFWLRQ+RZHYHUZKLFKRI LQIODPPDWLRQRU LQIHFWLRQDSSHDUV
ILUVWLQ&)LVVWLOODSHQGLQJTXHVWLRQ,QWKLVFRQWH[WLWUHPDLQV
WR H[SORUH LI WKH LQKLELWLRQ RI &)75 IXQFWLRQ PRGLILHV
PDFURSKDJHSK\VLRORJ\WKDWFDQOHGWRDOWHUDWLRQRILWVIXQFWLRQ
DQG WKXV WR FKURQLF LQIODPPDWLRQ DQG LQIHFWLRQ $V
GHPRQVWUDWHGLQSUHYLRXVVWXGLHVZHFRQILUPHGWKHSUHVHQFHRI
&)75 SURWHLQ LQ RXU PRGHO RI KXPDQ SULPDU\ PDFURSKDJHV
)XUWKHUPRUHWKHVHVWXGLHVFOHDUO\VKRZHGWKDWWKLVSURWHLQZDV
IXQFWLRQDO LQ PDFURSKDJHV >@ :H FRQILUPHG WKLV SRLQW LQ
RXUVWXG\DQGVKRZHGWKDWSKDUPDFRORJLFDOLQKLELWLRQRI&)75
LQQRQ&)PDFURSKDJHVVWURQJO\GHFUHDVHG&'EPHPEUDQH
H[SUHVVLRQ DQG SKDJRF\WRVLV IXQFWLRQ 7KHVH UHVXOWV DUH LQ
DFFRUGDQFH ZLWK SUHYLRXV ZRUNV VKRZLQJ WKDW LQ &)
QHXWURSKLOV &)75 GHIHFW SURPRWHV WKH GHFUHDVH RI &'E
UHFHSWRU>@,WZDVDOVRVKRZQWKDWHSLWKHOLDOFHOOVXVH&)75
DV D UHFHSWRU IRU LQWHUQDOL]DWLRQ RI 3 DHUXJLQRVD WKURXJK
HQGRF\WRVLV DQG VXEVHTXHQW UHPRYDO RI EDFWHULD IURP WKH
DLUZD\>@2YHUDOORXUGDWDLQGLFDWHWKDW&)75LQPDFURSKDJH
FRXOGEHDVVRFLDWHGWRSKDJRF\WRVLVG\VIXQFWLRQ




RI SDWKRJHQV 7KH ODWWHU LQGXFHV QRQUHVROXWLRQ RI
LQIODPPDWLRQLQIHFWLRQ E\ &) PDFURSKDJHV WKHUHE\ LQGXFLQJ
DQ H[DJJHUDWHG SURLQIODPPDWRU\ UHVSRQVH 2XU UHVXOWV
SURYLGH QHZ LQVLJKWV LQWR ZKDW PLJKW EH PDUNHUV RI SRRU
SURJQRVLV LQ &) SDWLHQWV LH UHGXFWLRQ RI &'E DQG 7/5
H[SUHVVLRQDVZHOODVWKHVKDUSLQFUHDVHRIV&'SURGXFWLRQ
'HWHFWLRQRIVXFKELRPDUNHUVPD\EHUHOHYDQWLQRUGHUWRGULYH
GLDJQRVWLF SUHYHQWLYH DQG FXUDWLYH VWUDWHJLHV GXULQJ &) ,Q
DGGLWLRQ RXU VWXG\ FRQWULEXWHV WR H[WHQG XQGHUVWDQGLQJ




)LJXUH 6  &KDUDFWHUL]DWLRQ RI KXPDQ SULPDU\
PDFURSKDJHV )ORZ F\WRPHWULF JUDSK IRU &' PHPEUDQH
H[SUHVVLRQ XVLQJ DQ DQWL&'),7& LVRW\SLF FRQWURO JUH\
SLFNRQQRQ&)PRQRF\WHVZKLWHSLFNVROLGOLQHDQGQRQ&)
ZKLWHSLFNEODFNGRWWHG OLQHRU&)PDFURSKDJHVZKLWHSLFN
JUHHQ GRWWHG OLQH 5HVXOWV DUH UHSUHVHQWDWLYH RI ILYH WZHQW\












)LJXUH 6  (IIHFW RI 7/5V DJRQLVWV RQ 7/5V H[SUHVVLRQ
OHIWSDQHODQG ,/ȕDQG71)ĮVHFUHWLRQ ULJKWSDQHO LQ
QRQ&) &' PDFURSKDJHV ([SUHVVLRQ ZDV DQDO\]HG E\
IORZF\WRPHWU\DQGH[SUHVVHGDVPHDQ IOXRUHVFHQFH LQWHQVLW\
0),DUELWUDU\XQLWRIIOXRUHVFHQFHLQWHQVLW\,/ȕDQG71)Į





QRQ&) PDFURSKDJHV &HOOV ZHUH LQFXEDWHG IRU  K ZLWK
F\WRFKDODVLQ '  0 EHIRUH  KRXUV LQFXEDWLRQ ZLWK KHDW
LQDFWLYDWHG ( FROLIOXRUHVFHLQ 02,  5HVXOWV DUH
H[SUHVVHG DV SHUFHQWDJHV DV IROORZV H[SHULPHQWDO UHDGLQJ
PLQXVQHJDWLYHFRQWUROUHDGLQJSRVLWLYHFRQWUROUHDGLQJPLQXV
QHJDWLYHFRQWUROUHDGLQJ[DQGDUHVFDWWHUSORWZLWKPHDQ
RI VL[ LQGHSHQGHQW H[SHULPHQWV UHVSHFWLYHO\ IRU FRQWURO DQG
F\WRFKDODVLQ 'WUHDWHG QRQ&) PDFURSKDJHV 0DQQ DQG
:KLWQH\WHVWSYVFRQWURO
7,)
)LJXUH 6  9LDELOLW\ RI QRQ&) PDFURSKDJHV WUHDWHG E\
&)75LQK $ 1RQ&) PDFURSKDJHV ZHUH WUHDWHG ZLWK
&)75LQK DW  WR  0  K  O RI 077 VROXWLRQ 
PJPO LQ 3%6 GLPHWK\OWKLD]RO\O
GLSKHQ\OWHWUD]ROLXP EURPLGH 6LJPD$OGULFK 6DLQW4XHQWLQ
)DOODYLHU )UDQFH ZHUH DGGHG LQWR HDFK ZHOO DQG FHOOV ZHUH
LQFXEDWHGDW&DQG&2 IRUKRXUV7KHPHGLXPZDV
UHPRYHGDQGORI'062ZDVDGGHG LQWRHDFKZHOO7KH
SODWH ZDV JHQWO\ URWDWHG RQ DQ RUELWDO VKDNHU IRU  PLQ WR
FRPSOHWHO\ GLVVROYH WKH SUHFLSLWDWLRQ 7KH DEVRUEDQFH ZDV
GHWHFWHG DW  QP ZLWK D PLFURSODWH UHDGHU DVVRFLDWHG ZLWK
*HQHVLV VRIWZDUH /DE6\VWHPV 6SHFWURSKRWRPHWHU
&DPEULGJH 8. % ,/ȕ OHYHOV ZHUH PHDVXUHG LQ
VXSHUQDWDQWV RI QRQ&) PDFURSKDJHV WUHDWHG RU QRW ZLWK










:H ZRXOG SDUWLFXODUO\ OLNH WR WKDQN 0UV /DXUHQFH +LDUG DQG
QXUVHV RI 5HQQHV 8QLYHUVLW\ +RVSLWDO &5&0 0UV 0DULH
7KpUqVH -RXVVHDXPH DQG 0UV ,VDEHOOH %HUKDXOW 7KH DXWKRUV
DOVRWKDQN3DXO%DOGZLQIRUFULWLFDOUHDGLQJRIWKHPDQXVFULSW
$XWKRU&RQWULEXWLRQV
&RQFHLYHG DQG GHVLJQHG WKH H[SHULPHQWV .6/- $/- &0&
3HUIRUPHG WKHH[SHULPHQWV.6/-$/-3)5&/0-$QDO\]HG








 1LFKROV ' &KPLHO - %HUJHU 0  &KURQLF LQIODPPDWLRQ LQ WKH
F\VWLF ILEURVLV OXQJDOWHUDWLRQV LQ LQWHUDQG LQWUDFHOOXODUVLJQDOLQJ&OLQ
5HY $OOHUJ\ ,PPXQRO  ± GRLV
3XE0HG
 '|ULQJ * *XOELQV (  &\VWLF ILEURVLV DQG LQQDWH LPPXQLW\ KRZ
FKORULGH FKDQQHO PXWDWLRQV SURYRNH OXQJ GLVHDVH &HOO 0LFURELRO 
±GRLM[3XE0HG
 3LHU*%5ROHRIWKHF\VWLFILEURVLVWUDQVPHPEUDQHFRQGXFWDQFH
UHJXODWRU LQ LQQDWH LPPXQLW\ WR 3VHXGRPRQDV DHUXJLQRVD LQIHFWLRQV
3URF 1DWO $FDG 6FL 8 6 $  ± GRLSQDV
3XE0HG
 3HUH] $ ,VVOHU $& &RWWRQ &8 .HOOH\ 7- 9HUNPDQ $6 HW DO 
&)75 LQKLELWLRQ PLPLFV WKH F\VWLF ILEURVLV LQIODPPDWRU\ SURILOH $P -
3K\VLRO/XQJ&HOO3K\VLRO±3XE0HG
 3DLQWHU 5* 9DOHQWLQH 9* /DQVRQ 1$ -U /HLGDO . =KDQJ 4 HW DO
 &)75 ([SUHVVLRQ LQ +XPDQ 1HXWURSKLOV DQG WKH
3KDJRO\VRVRPDO &KORULQDWLRQ 'HIHFW LQ &\VWLF )LEURVLV %LRFKHPLVWU\
 ± GRLELW 3XE0HG   GRL
ELW3XE0HG
 3DLQWHU5*%RQYLOODLQ5:9DOHQWLQH9*/RPEDUG*$/DSODFH6*HW
DO  7KH UROH RI FKORULGH DQLRQ DQG &)75 LQ NLOOLQJ RI
3VHXGRPRQDVDHUXJLQRVDE\QRUPDODQG&)QHXWURSKLOV-/HXNRF%LRO
±GRLMOE3XE0HG
 %UXVFLD (0 =KDQJ 3; )HUUHLUD ( &DSXWR & (PHUVRQ -: HW DO
 0DFURSKDJHV GLUHFWO\ FRQWULEXWH WR WKH H[DJJHUDWHG




 '\VIXQFWLRQDO &)75 DOWHUV WKH EDFWHULFLGDO DFWLYLW\ RI KXPDQ
PDFURSKDJHV DJDLQVW 3VHXGRPRQDV DHUXJLQRVD 3/26 21( 
HGRLMRXUQDOSRQH3XE0HG
 %UXVFLD(0=KDQJ3;6DWRK$&DSXWR&0HG]KLWRY5HWDO
$EQRUPDO WUDIILFNLQJ DQG GHJUDGDWLRQ RI 7/5 XQGHUOLH WKH HOHYDWHG
LQIODPPDWRU\ UHVSRQVH LQ F\VWLF ILEURVLV - ,PPXQRO  ±
GRLMLPPXQRO3XE0HG
 .RQJ+:HVW6$IULFD6:RUOG0HGLFDO$VVRFLDWLRQ'HFODUDWLRQ
RI +HOVLQNL &DUGLRYDVF 5HV  ± GRL
63XE0HG
 )UDQ 5  HJLVWUH )UDQoDLV GH OD 0XFRYLVFLGRVH %LODQ GHV
GRQQpHV
 9DQ *UHYHQ\QJKH - 5LRQ 6 /H )HUUHF ( /H 9HH 0 $PLRW / HW DO
3RO\F\FOLFDURPDWLFK\GURFDUERQVLQKLELWGLIIHUHQWLDWLRQRIKXPDQ
PRQRF\WHV LQWR PDFURSKDJHV - ,PPXQRO  ± 3XE0HG

 0RJD\]HO 3- )OXPH 3$  8SGDWH LQ F\VWLF ILEURVLV  $P -





 0D 7 7KLDJDUDMDK -5 <DQJ + 6RQDZDQH 1' )ROOL & HW DO 
7KLD]ROLGLQRQH &)75 LQKLELWRU LGHQWLILHG E\ KLJKWKURXJKSXW VFUHHQLQJ
EORFNV FKROHUD WR[LQ ± LQGXFHG LQWHVWLQDO IOXLG VHFUHWLRQ - &OLQ ,QYHVW
±GRL-&,3XE0HG
 'L$%URZQ0('HUL\/9/L&6]HWR)/HWDO&)75UHJXODWHV
SKDJRVRPH DFLGLILFDWLRQ LQ PDFURSKDJHV DQG DOWHUV EDFWHULFLGDO
DFWLYLW\ 1DW &HOO %LRO  ± GRLQFE 3XE0HG

 'RGJH -$ /HZLV 3$ 6WDQWRQ 0 :LOVKHU -  &\VWLF ILEURVLV
PRUWDOLW\DQGVXUYLYDOLQWKH8.(XU5HVSLU-±
GRL3XE0HG
 +DUWO ' /DW]LQ 3 +RUGLMN 3 0DUFRV 9 5XGROSK & HW DO 
&OHDYDJH RI &;&5 RQ QHXWURSKLOV GLVDEOHV EDFWHULDO NLOOLQJ LQ F\VWLF
ILEURVLV OXQJ GLVHDVH 1DW 0HG  ± GRLQP
3XE0HG
 &DPSRGyQLFR 9/ *DGMHYD 0 3DUDGLV%OHDX & 8OXHU $ 3LHU *%
 $LUZD\ HSLWKHOLDO FRQWURO RI 3VHXGRPRQDV DHUXJLQRVD LQIHFWLRQ
LQF\VWLFILEURVLV7UHQGV0RO0HG±GRLMPROPHG
3XE0HG




 6KLEDWD < %HUFOD] 3< &KURQHRV =& <RVKLGD 0 :KLWVHWW -$ HW DO
 *0&6) UHJXODWHV DOYHRODU PDFURSKDJH GLIIHUHQWLDWLRQ DQG
LQQDWH LPPXQLW\ LQ WKH OXQJ WKURXJK38 ,PPXQLW\±GRL
63XE0HG
 .URQERUJ * +DQVHQ 0% 6YHQVRQ 0 )RPVJDDUG $ +¡LE\ 1 HW DO
&\WRNLQHVLQVSXWXPDQGVHUXPIURPSDWLHQWVZLWKF\VWLFILEURVLV
DQG FKURQLF 3VHXGRPRQDV DHUXJLQRVD LQIHFWLRQ DV PDUNHUV RI





 1JDQ '$ :LOFR[ 3* $OGDDELO 0 /L < /HLSVLF -$ HW DO  7KH
UHODWLRQVKLS RI V\VWHPLF LQIODPPDWLRQ WR SULRU KRVSLWDOL]DWLRQ LQ DGXOW
SDWLHQWV ZLWK F\VWLF ILEURVLV %0& 3XOP 0HG   GRL
3XE0HG
 7DQJ $ 6KDUPD $ -HQ 5 +LUVFKIHOG $) &KLOYHUV 0$ HW DO 
,QIODPPDVRPH0HGLDWHG ,/ȕ 3URGXFWLRQ LQ +XPDQV ZLWK &\VWLF
)LEURVLV 3/26 21(  H GRLMRXUQDOSRQH
3XE0HG
 (LFNPHLHU 2 +XHEQHU 0 +HUUPDQQ ( =LVVOHU 8 5RVHZLFK 0 HW DO
 6SXWXP ELRPDUNHU SURILOHV LQ F\VWLF ILEURVLV &) DQG FKURQLF
REVWUXFWLYH SXOPRQDU\ GLVHDVH &23' DQG DVVRFLDWLRQ EHWZHHQ
SXOPRQDU\ IXQFWLRQ &\WRNLQH  ± GRLMF\WR
3XE0HG
 'RXJODV 7$ %UHQQDQ 6 *DUG 6 %HUU\ / *DQJHOO & HW DO 
$FTXLVLWLRQ DQG HUDGLFDWLRQ RI 3 DHUXJLQRVD LQ \RXQJ FKLOGUHQ ZLWK
F\VWLFILEURVLV(XU5HVSLU-±3XE0HG
 7LULQJHU.7UHLV$)XFLN3*RQD0*UXEHU6HWDO $7K
DQG 7KVNHZHG F\WRNLQH SURILOH LQ F\VWLF ILEURVLV OXQJV UHSUHVHQWV D
SRWHQWLDO ULVN IDFWRU IRU 3VHXGRPRQDV DHUXJLQRVD LQIHFWLRQ $P -
5HVSLU &ULW &DUH 0HG  ± GRLUFFP
2&3XE0HG
 -RXQHDX 6 %RQL]HF 0 %HOOHJXLF & 'HVUXHV % %ULQFKDXOW * HW DO
$QWLLQIODPPDWRU\HIIHFWRIIOXYDVWDWLQRQ,/SURGXFWLRQLQGXFHG
E\ 3VHXGRPRQDV DHUXJLQRVD DQG $VSHUJLOOXV IXPLJDWXV DQWLJHQV LQ
F\VWLF ILEURVLV 3/26 21(  H GRLMRXUQDOSRQH
3XE0HG
 -RKQ * &KLOODSSDJDUL 6 5XELQ %. *UXHQHUW '&  5HGXFHG
VXUIDFH WROOOLNH UHFHSWRU H[SUHVVLRQ DQG DEVHQW LQWHUIHURQȖ ±
LQGXFLEOHSURWHLQ LQGXFWLRQ LQ F\VWLF ILEURVLVDLUZD\FHOOV([S/XQJ
5HV  ± GRL 3XE0HG

 +DXEHU +3 7XOLF 0. 7VLFRSRXORV $ :DOODHUW %  7ROOOLNH
UHFHSWRUVDQGH[SUHVVLRQLQWKHEURQFKLDOPXFRVDRISDWLHQWVZLWK
F\VWLFILEURVLV&DQ5HVSLU-±3XE0HG
 'HVFDPSV ' /H *DUV 0 %DOOR\ 9 %DUELHU ' 0DVFKDOLGL 6 HW DO
 7ROOOLNH UHFHSWRU  7/5 ,/ȕ VHFUHWLRQ DQG DVSDUDJLQH








 +XPSKULHV -' %\URQ $ +XPSKULHV 0-  ,QWHJULQ OLJDQGV DW D
JODQFH - &HOO 6FL  ± GRLMFV 3XE0HG

 6WRNHV 5: +DLGO ,' -HIIHULHV :$ 6SHHUW '3  0\FREDFWHULD
PDFURSKDJH LQWHUDFWLRQV 0DFURSKDJH SKHQRW\SH GHWHUPLQHV WKH
QRQRSVRQLF ELQGLQJ RI 0\FREDFWHULXP WXEHUFXORVLV WR PXULQH
PDFURSKDJHV-,PPXQRO±3XE0HG
 &\ZHV&*RGHQLU1/+RSSH+&6FKROOH556WH\Q/0HWDO
1RQRSVRQLF ELQGLQJ RI 0\FREDFWHULXP WXEHUFXORVLV WR KXPDQ
FRPSOHPHQWUHFHSWRUW\SHH[SUHVVHGLQ&KLQHVHKDPVWHURYDU\FHOOV
,QIHFW,PPXQ±3XE0HG
 5XVVHOO '* :ULJKW 6'  &RPSOHPHQW UHFHSWRU W\SH  &5
ELQGV WR DQ $UJ*O\$VSFRQWDLQLQJ UHJLRQ RI WKH PDMRU VXUIDFH
JO\FRSURWHLQ *S RI /HLVKPDQLD SURPDVWLJRWHV - ([S 0HG 
±GRLMHP3XE0HG
 1RFNKHU:$:LFN03ILVWHU+:&HUHEURVSLQDO IOXLG OHYHOVRI
VROXEOH &' LQ LQIODPPDWRU\ DQG QRQLQIODPPDWRU\ GLVHDVHV RI WKH
&16 XSUHJXODWLRQ GXULQJ EDFWHULDO LQIHFWLRQV DQG YLUDO PHQLQJLWLV -
1HXURLPPXQRO  ± GRL6
3XE0HG
 /LQ%1RULQJ56WHHUH$&.OHPSQHU06+X/76ROXEOH&'
OHYHOV LQ WKH VHUXP V\QRYLDO IOXLG DQG FHUHEURVSLQDO IOXLG RI SDWLHQWV
ZLWK YDULRXV VWDJHV RI /\PH GLVHDVH - ,PPXQRO  ±
3XE0HG
 (JHUHU . )HLVW ( 5RKU 8 3UXVV $ %XUPHVWHU *5 HW DO 
,QFUHDVHG VHUXP VROXEOH &' ,&$0 DQ (VHOHFWLQ FRUUHODWH ZLWK
GLVHDVHDFWLYLW\DQGSURJQRVLVLQV\VWHPLFOXSXVHU\WKHPDWRVXV/XSXV
±GRL3XE0HG
 0DUFRV 9 /DW]LQ 3 +HFWRU $ 6RQDQLQL 6 +RIIPDQQ ) HW DO 
([SUHVVLRQ UHJXODWLRQ DQG FOLQLFDO VLJQLILFDQFH RI VROXEOH DQG
PHPEUDQH &' UHFHSWRUV LQ SHGLDWULF LQIODPPDWRU\ OXQJ GLVHDVHV
5HVSLU5HVGRL3XE0HG
 'XULHX[--9LWD13RSHVFX2*XHWWH)&DO]DGD:DFN-HWDO
7KH WZR VROXEOH IRUPV RI WKH OLSRSRO\VDFFKDULGH UHFHSWRU&'
FKDUDFWHUL]DWLRQ DQG UHOHDVH E\ QRUPDO KXPDQ PRQRF\WHV (XU -
,PPXQRO  ± GRLHML 3XE0HG

 /H%DULOOHF.6L7DKDU0%DOOR\9&KLJQDUG03URWHRO\VLVRI
PRQRF\WH &' E\ KXPDQ OHXNRF\WH HODVWDVH LQKLELWV
OLSRSRO\VDFFKDULGHPHGLDWHG FHOO DFWLYDWLRQ - &OLQ ,QYHVW  ±
GRL-&,3XE0HG
 %DV6*DXWKLHU%56SHQDWR86WLQJHOLQ6*DED\&&'LV
DQ DFXWHSKDVH SURWHLQ - ,PPXQRO  ± 3XE0HG

 %UHWWVFKQHLGHU-(FNHU'%LWVFK$%DKQHU'%RJXPLO7HWDO
7KH PDFURSKDJH DFWLYLW\ PDUNHU V&' LV LQFUHDVHG LQ SDWLHQWV ZLWK
PXOWLSOH VFOHURVLV DQG XSUHJXODWHG E\ LQWHUIHURQ EHWDE -
1HXURLPPXQRO  ± GRL6
3XE0HG
 $NDJDZD .6 .RPXUR , .DQD]DZD + <DPD]DNL 7 0RFKLGD . HW DO
 )XQFWLRQDO KHWHURJHQHLW\ RI FRORQ\VWLPXODWLQJ IDFWRULQGXFHG




F\VWLF ILEURVLV OXQJ GLVHDVH - &\VW )LEURV  ± GRL
63XE0HG
$OWHUDWLRQRI+XPDQ&)0DFURSKDJH)XQFWLRQV
3/2621(_ZZZSORVRQHRUJ  6HSWHPEHU_9ROXPH_,VVXH_H
